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ABSTRACT 
The 1985-86 spawning biomass estimate of Pacific herring, 
Clupea harengus pallasi, in San Francisco Bay is 49,000 tons. 
The relatively small population increases during 1984 and 1985 
indicate that the population is rebuilding.slowly from the 
1983-84 season when only 40,000 tons of herring spawned. 
Spawning-ground surveys in Tomales Bay were inconclusive. 
Rerring normally spawn in eelgrass, Zostera marina, beds; this 
season herring spawned unexpectedly in deeper water, disrupting 
our sampling plan. A first attempt at population modeling with 
'cohort analysis indicates that about 6000 tons of herring 
spawned this season. . 
In San Francisco Bay, 74% of the herring spawned in January and 
only one small spawn occurred after February 7th. Late season 
spawning was probably affected by severe winter storms that hit 
central California during February. 
In San Francisco Bay, during the past three seasons, over 60% 
of the spawning escapement occurred south of Treasure Island, 
This season spawning escapement was split evenly between the 
north and south part of the bay, 
In San Francisco Bay, there are four major spawning areas, 
accounting for 78% of the average spawning escapement; they are 
Richardson Bay, fhe San Francisco waterfront, Tiburon-Belvedere 
complex, and Sausalito. 
There was a major spawn at Richmond for the first time since 
1982 
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INTKODUCTION 
In 1973, the California Department of Fish and Game began estimating 
.' 
the annual spawning biomass of Pacific herring, Clupea harengus pallasi, 
in Tomales and San Francisco Bays (Spratt 1981). Biomass is derived from 
estimates of eggs deposited during the season. Both hays are relatively 
small and well suited for intensive spawning-ground surveys. 
This report includes spawning biomass estimates for Tomales Bay and 
San Francisco Bay during the 1985-86 season, and it provides a cdntinuous 
series of annual herring spawning biomass estimates from 1973-74 onward. 
These data are the basis of the herring roe fishery management plan.. 
DESCRIPTION OF STUDY AREA 
Tomales Bay 
Tomales Bay lies in Marin County, a short distance north of San 
Francisco. It is 20 km (12.4 miles) long and averages more than 1.5 km 
(0.9 miles).wide. Hardwick (1973) determined that eelgrass, Zostera 
-- 
- \ 
mariha, was the predominant marine. flora in the bay. The distribution of 
eelgrass changes slightly each year, and the present distribution (Figure 
1) was determined in March of 1986. There are other species of marine. 
flora in Tomales Bay, but eelgrass is the.only one used to determine _her- 
ring biomass. 
San Francisco Iky 
The portion of San Francisco Bay covered by regular daily 
(Ifon.-Fri.) surveys includes all shoreline and shallow subtidal areas to 
- a depth of 4.6 m (15 ft), bounded by the Golden Gate Bridge on the west, 
the Richmond Bridge on the north, Hunters Point on the south, and the 
east bay shoreline between Richmond and Oakland (Figure 2). Other areas 
of the bay were surveyed as needed. 
Spawning i n  San Franriscr ,  Bay is  both i n t e r t i d a l  ( p a r t l y  exposed at 
low t i d e  and s u b t i d a l  (never  expcsed a t  low t i d e ) .  I n t e r t i d a l  spawns a r e  
on the  s h o r e l i n e  and cover a l l  s u i t a b l e  s u b s t r a t e  i n  t h e  a r e a ,  i nc lud ing  
ba re  rocks ,  sand,  p i e r  p i l i n g s ,  and marine f l o r a .  Sub t ida l  spawns 
g e n e r a l l y  occur  i n  a r e a s  of t he  bay shal lower than 4.6 m (15 f t )  where 
v e g e t a t i o n  beds such a s  Zoztera  marina, G r a c i l a r i a  sp., and Ulva sp .  a r e  
---- -
found, bu t  may a l s o  occur  In shallow, rocky o r  hard bottom a reas .  Broad, 
sha l low mudffats ,  wi th  no vege ta t ion ,  a r e  not  u t i l i z e d  by h e r r i n g  a s  
spawning a r e a s .  
METHODS 
Tomales Bay Sampling Techniques 
--. _ 
This  s eason ' s  spawning-ground surveys  were conducted from December 
2 ,  1985 t o  March 13 ,  1986. I n i t i a l  spawn sampling techniques were those  
used i n  prev ious  seasons  ( S p r a t t  1981). Every e e l g r a s s  bed ( ~ i g u r e  1) 
was sampled d a i l y ,  a s  t he  weather permi t ted ,  from a 4.6-m (15 - f t )  boa t  by 
towing a v e g e t a t i o n  sampler through t h e  bed. 
These methods were not  product ive  t h i s  season because h e r r i n g  f a i l e d  
t o  spawn as e x t e n s i v e l y  i n  e e l g r a s s  as they have i n  the  pas t .  Most of t h e  
h e r r i n g  taken by t h e  f i s h e r y  were caught i n  t h e  deeper p a r t s  of t h e  bay, 
o r  i n  a r e a s  where t h e r e  was no e e l g r a s s .  Thi-s unexpected behavior com- 
p l e t e l y  d i s r u p t e d  ou r  sampling rou t ine .  Many unsuccessfu l  a t tempts  were 
made t o  l o c a t e  v e g e t a t i o n  and t o  sample spawn from a r e a s  where spawning 
was i n d i c a t e d  by f i s h i n g  a c t i v i t y  o r  by b i r d  concent ra t ions .  
Ee lg ra s s  beds were remeasured i n  March with the  a i d  of an echosounder 
t o  l o c a t e  beds. The d a t a  were used t o  c a l c u l a t e  t h e  spawning biomass f o r  
t h e  spawns t h a t  occurred i n  e e l g r a s s  beds. 
San Francisco Bay Sampling Techniques . . 
This season's spawning-ground surveys were conducted from November 
.18, 1985 until March 13, 1986.' The techniques used to sample both sub- 
tidal and intertidal spawns in San Francisco Bay were unchanged from the 
previous season (Spratt 1985). 
Preseason subtidal vegetation densities were determined by collect- 
ing quantitative samples with SCUBA from permanent stations in Richardson 
.. 
Bay, Belvedere Cove, Kiel Cove, and at Angel Island. 
Biomass Computation 
In San Francisco Bay, the method used to convert the number of her- 
ring eggs spawned to tons of spawners was improved in the 1983-84 season 
with the addition of sex ratio estimates for each spawning run individu- 
ally (Reilly and Moore pets connn.). There is normally a gradual increase 
in the percentage of females in spawning runs. as-the season progress&. 
Fecundity of herring 'in San ~ r a n c i s c o - ~ a ~  -hasbeen estimated for the 
past 3 yr. Estimates from year to year are not significantly different 
- -  1 - and range between 221 and 226 eggs per gram of female (Reilly and Moore 
1986). They also compare favorably with the-Tomales Bay fecundity esti- , 
mate of 228 eggs per gram- of female (-?lardwick 1973)-6- -A-.fecundity of 226 
eggs per gram was used .in calculating thAs-year's blomass -estimates, and--_;. 
the conversion factors used -to convert from number of eggs .to tons.of - - -  - .  
herring changed during the season based-on the. sex ratio of. each run tn - - 
San Francisco ,Bay (Table 4). ..-- -- - 
RESULTS 
Tomales Bay 
There is a total .of 33 known eelgrass beds in Tomales Bay (Figure 1). 
Bed measurements in March 1986 (Table 1) were limited to areas utilized 
by herring this season. There were measurable changes in the area of 
several: beds since March 1985 (Spratt 1985). Beds no. 3A and 28 disap- 
peared; and beds 1, 2, 3, 5, 6, and 9 decreased in area by as much as 
75%. Bed no. 4 reappeared and beds 7 and 11 increased up to 5OXin area. 
However, the net change in total area of all eelgrass beds combined was 
insignificant (-2%). The area of larger beds near Hog Island did not 
.change and these are where the largest herring spawns normally occur. 
The density of eelgrass (kg/m) is assigned subjectively by onsight visual 
inspections based on quantitative sampling from previous seasons (Spratt 
1981). It was obvious that the density of eelgrass decreased signifi- 
cantly in some beds. Therefore, the density used in biomass calculations 
was decreased between 25 and 75% in the following beds: 3, 5, 6, 7, 8, 
and 9 (Table 2). The larger beds near Hog Island remained lush and the 
--1 . 
standard density of 1.9 kglm was used in these areas. 
The 2% decline in area of eelgrass and the decrease in the density 
of some beds is not believe4 to have caused the change-in spawning be- 
havior exhibited by herring this season. 
No herring spawns were found during December, and the first spawning 
occurred Jhnuary 6, 1986. By past-season standards, we found no major * 
spawns in eelgrass beds. There were 20 individual herring spawns found, 
but most w e r e  less than 10 tons each ( T a b l e  2 ) .  Many spawns found w e r e  
extensive in area, but egg deposits were very light. In past seasons, 
the herring biomass estimate for Tomales Bay has been determined from 
sampling eelgrass beds, and spawns on other vegetation in the bay were 
not included. After 12 seasons of spawning on eelgrass beds, herring 
apparently spawned on other vegetation in the bay, probably red algae 
found in deeper water. 
The extent and density of other vegetation beds in the bay is 
presently unknown. Although dense egg deposits were found on drzfting 
Gracilaria sp., quantitative samples could not be taken and the origin or 
location of spawns could not be determined. Herring spawnings on eel- 
grass accounted for an unknown percent of this season's total biomass. 
The Toinales Bay population was estimated at 6600 tons in 1985 
(Spratt 1985). This season's spawning escapement estimate is 435 tons 
(Talile 2), but does not represent the status of the population. 
Population Modeling 
Because of the poor results obtained from traditional spawning- 
- -  - - ground surveys, alternate methods were explored that could use existing 
data to estimate the-population size for the 1985-86 season. The 3est 
data set available is the age and-size composition of the Tomales Bay , - 
herring -catch, with annual estimates-since 1977, when the fishery-was- 
limited to gill-nets. These data are best suited for cohort analysis. - -  - 
Cohort analysis has.bee~-a~~lieb=€o ~ a s t e m  Bering Sea herring catch data - - 
(Wespestad.1982), and proved a reliable estimator-of populatton trends,- .- 
but was not -accurate enough ta be-used for -absolute..'population -estimates. - : 
This cohort analysis follows the Murphy method (Murpfip 1966) and was 
run on an IBM PC XT microcomputer with a program developed by the - 
Department's biostatistical unit in Menlo Park. Data input includes: 
estimates of numbers of herring caught by year class (Table 8); average 
weight of herring in each year class (Table 9) estimated from the length- 
weight relationship W.2.125 x L 2*9316 (Spratt 1981); natural 
mortality (M); and an estimated fishing mortality (F) for the last catch 
period of each year class. Mortality rates for Tomales Ray herring are 
not well documented; therefore, several computer runs rere tried using 
a range of values for M between . 3  and -4. Estimates of F for the last 
catch period of each year class were adjusted between .001 for unre- 
cruited age groups and -4 for fully recruited age groups for each run. 
Computer runs did not agree well with absolute numbers from Tomales Bay 
spawning-ground surveys. However, the one common denominator for all 
runs was a decline in abundance for the 1985-86 season of 5 to 10%. The 
best estimate of population trends (Table 10) was obtained with M set at 
.4 and F values from Table 11. This run duplicated the population trends 
from spawning-ground surveys and indicates a biomass decline of 8% from 
- \ . 
the 1984-85 season. Therefore, my best estimate of herring biomass for 
the 1985-86 Tomales Bay season is about 6000 tons (Table 3). 
San Francisco Bay 
Subtidal spawning areas of the bay were surveyed by divers on 
October 31 and November 19, 1985 to estimate the density of vegetation. 
The east bay near Brooks Island was surveyed on January 28, 1986 after a 
herring s p a n  occurred there. During the season, our vegetation sampling 
device was used repeatedly between Richmond and Oakland with very little 
positive results. Changes in the vegetation density varied from area to 
area this season. In Richardson Bay the 15 permanent sampling stations 
(Figure 3) yielded no vegetation. Eelgrass and Gracilsria sp. were ob- 
served in Richardson Bag, but none occurred in the quadrats sampled. Tbe 
zero density under-estimates the actual density of vegetation, but the 
density remains well below thC 1981 density of .480 kg/m (Spratt 1982). 
Belvedere Cove vegetation densities increased for the second year in a 
row, averaging - 4  kg/m (Figure.3). ,Densitiee near.Tiburon-(Figure 3) 
doubled to -6 k g h .  The density of the Gracilaria bed on Angel Island 
near Point Stuart (Figure 3) decreased dramatically from 3-3 kg/m to 
.2 kg/m. And finally, densities %n Kiel Cove decreased from 1.4 kg/m to 
-- 
.4 kg/m. Significant spawning occurred in all areas surveyed except 
Richardson Bay &ich continues to exhibit very low vegetation density. 
The season's first spawn was found October 30, 1985 at Kiel Cove 
(Table 4), during hydro-acoustic surveys before spawning-ground surveys 
were started, and there were nine spawning runs during the season 
(Table 4). 
.Subtfdal spawning was a major component of spawning escapement in 
San Francisco Bay from 1979-80 until the 1981-82 season. In the 1982-83 
season, subtidal spawning began to decline and,-Srom the 1983-84 season 
through the current season, subtidal spawning has averaged less than 10% 1 
--1 - 
of spawning escapement . In the 1985-86 season, subtidal spawning was 
limited to the north portion-of Saa Francisco-Ray (Figure 4), 
Over 90% of the spawning -escapement :was intertidalrr- This -season's - - - 
largest spawn was intertidal-along the San.Francisco waterfront -pier.- :. 
pilings on. 9anuary - 5, 1986 (Figure 5 ) .  --In-a departure - f ram .the ,-past - -  .:- - 
three seasons, . aboot . SOX-. of this seasono s spawning, occurred . in.-tht5 north. - : G 
. 
part of the bay, an increase from the past three seasons when m&sr:of-:the 
spawning was in the south part of the bay, There weice m a j o r  spawns at 
Belvedere, Tibuton, Angel I s l and ,  and a t  Richmond f o r  t h e  f i r s t  t i m e  in 
5 y r  (Figure 6) ( S p r a t t  1982). The only spawning a reas  not  u t i l i z e d  t h i s  
season were Treasure Is land and ' t h e  Berkeley shoreli.ne. 
Spawning escapement was est imated at almost 42,000 tons of h e r r i n g  
(Table 4).  Including t h e  ca tch  of pre-spawning he r r ing  from t h e  r o e  
f i she ry ,  t h e  spawning biomass f o r  the  1985-86 season is  49,068 tons  
(Table 5). This  i s  t h e  second consecutive yea r  t h a t  t h e  populat ion has 
increased. 
Spawning By Area 197.3 t o  1986 
Each season t h e  l o c a t i o n  of major he r r ing  spawning i n  San Francisco 
Bay is  sub jec t  t o  change, but from 1973 t o  1986 t h e r e  are c e r t a i n  a r e a s  
t h a t  have emerged a s  primary spawning a reas .  These a reas  a r e  Richardson - 
Bay, San Francisco wa te r f ron t ,  Sausa l i to  and t h e  Tiburon Belvedere a r e a  
(Table 6). These areas  have accounted f o r  25X,  21% 16% and 162, respec- - 
t i v e l y ,  of a l l  the  spawning escapement dur ing t h e  course of t h i s  study. 
Although Richardson Bay s t i l l  ranks f i r s t ,  t h e r e  has not been a major 
spawn t h e r e  s ince  1982, and over the  past  four  seasons the  San Francisco 
waterfront  a r e a  has  accounted f o r  almost 60% of a l l  spawning escapement, 
The average amount o f  her r ing  t h a t  spawns a t  a given loca t ion  is mfe 
ind ica t ion  of that a r e a ' s  importance, b a t - t h f s  can be influenced by a f e w  
l a rge ,  inf requent  spawns. The frequency of spawning a t  a given l o c a t i o n  
i s  a l s o  a good measure of an a r e a ' s  importance.for-spawning,. Since  1973, I I 
her r ing  have spawned 45  times i n  the Tiburon-Belvedere areb ,  28 t i m e s  a t  I 
Sausalieo, and 16 tines a t  Angel I s l and  (Table 6).  Many of these  spawn- 
i n g ~  have been small ,  but  t h e  importance of these a r e a s  should no t  be 
discounted. I'he hatching rate of eggs and survival rate of herring 
larvae are density-dependent and several small to medium spawns may con- 
tribute more to recruitment than a single large spawn. 
In summary, the entire bay from the Richmond Bridge to Coyote Point 
should be considered prime herring spswning habitat. 
Confidence Limits 
confidence limits were calculated for each spawn individually from 
variation in the density of egg deposits. The five largest spawrls during 
the season were sampled adequately; all had 95% confidence intervals less 
than 35X.of the estimate (Table 7). Small subtidal spawns were difficult 
to sample zdequately, but they accounted for only 8% of the season's 
spawning biomass. . . 
DISCUSSION . 
Tomales Bay 
Results from the 1985-86 spawning-ground surveys in Tomales Bay were 
inconclusive. However, the 1985-86 Tomles Bay herring fishery experi- 
enced one of its better seasons,-and the age and size composition of the 
catch was normal (Spratt 1986). Furthermore, cohort-analysis indicates, 
that the population-declined no more-than-10X. .-Consequently, it 5s - 
believed that the spawning biomass estimate of 1206 tons for the 1985-86 
season is - a -low estimate. 
Poor results Erom spawning-ground -surveys-.have occurred twice in the 
past three seasons, once due to El N~GO in the 1983-84 season when -the 
migratory route of herring was affected by the warmer than normal 
ocean currents off California; and again this season when herring did not 
spawn in eelgrass beds as they have in the past. Herring returned to 
Tomales Bay after the El ~i<o,'but results of this year's survey were 
inaccurate, due to inadequate data on the distribution of subtidal veg- 
etation in Tomales Bay. In order to insure that this does-not happen 
again, a vegetation survey is planned for the fall of 1986 to map the 
distribution and density of subtidal vegetation. Spawning-ground surveys 
are an effective means of estimating population size, but current vegeta- 
tion data are required. 
San Francisco Bay 
. 
Major spawning ended abruptly in early February due to severe winter 
storms and increased run-off that lowered the surface salinity in San 
Francisco Bay from 30 ppt. to 1.3 ppt. (Reilly and Moore 1986). Surface 
salinity remained below 10 ppt until mid March. Salinities this low have 
affected the distribution of herring in the bay in past seasons, and it 
is possible that late-season spawning was curtailed by low salinities. 
-. 
- \ 1 With this as a possibility, the San Francisco Bay herring population 
still increased over the 1984-85 season, bct the rate of growth has 
slowed and the population-may be stabilizing--near:-the 50,000-ton level.' 
Recruitment -of - the $984-7t - class - (Spratt 1986) . was .low, relative -to the 
1982 and 1983 yr classes, and a.-factor cantrtbuting to-the modest popula- 
tion increase .this - season. - -: 
CONCLUSION 
Even with the difficulties encountered during spawning-ground sur- 
veys in Tomales Bay, the populat4on is considered to be in good condition 
with a biomass of at least 6000 tons. A vegetation survey is planned for 
the fall of 1986 that will improve our accuracy of Tomales Bay estimates. 
The rate of growth of the San Francisco Bay population slowed in 
.. 
1986, due to relatively low recruitment of the 1984 yr class. The 
strength of the 1985 yr class as 2-yr-old herring next season will deter- 
mine if the San Francisco.Bay herring spawning population continues to 
increase. 
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TABLE 1. Tomales Bay ~el&ass Bed Measurements tn March 1986; 
Only Beds Number 1 through 11 Were Remeasured. 
Bed B e d  
number m number m 
1 
1A 
2 
3 
3A 
4 
5 
6 
7 
8 
9 North 
9 South 
10 
11 North 
11 Efiddle 
11 South 
12 
13 100 2 8A 11,800 
Total area 3,849,700 m2 
TABLE 2. Tomales Bay Herring Spawn Data, 1985-86 Season. 
, I01 I I Conversion 
I I  ~rei Eggs Kg vef3 Egg2 per Million fact06 
Date Location* m per kg per m m eggs X lo= Tons 
6 Jan 86 2 4000 65,000 $ 1  ,9 123,500 494 0097 5 
20 Jan 86 I ,  4400 54,000 1.9 102,600 451 .0097 4 
20 Jan 86 2 4500 800,000 1.9 1,520,000 6840 .0097 . 66 
21 Jan 86 Duck Cove 5000 1,100,000 1.0 110,000 5500 ,0097 5 3 
21 Jan 86 3 1900 2000 1 .O 2000 4 .0097 T 
22 Jan 86 5 3700 4000 1.9 7600 28 0097 T 
22 Jan 86 6 6300 2500 1.9 4750 30 .0097 T 
22 Jan 86 7 l  10,000 265,000 1.9 503,500 5035 .0097 
9 27,006 47,000 1.9 89,300 2411 
49 I 
22 Jan 86 0097 23 + 
W 
3 Feb 86 7 10,000 220,000 1.0 220,000 2200 .0097 21 ' 
6 Peb 86 6 6300 73,000 1 .O 73,000 460 -0097 4 
6 Feb 86 5 3700 290,000 0,s 145,000 537 ,0097 5 
15 Feb 86 9 16,000 72,000 1 .O 72,000 1152 -0097 11 
21 Feb 86 5 3700 30,000 . 0.5 15,000 5 6 009 7 T 
21 Feb 86 6 6 160 44,000 1 .O 44,000 277 .0097 3 
21 Feb 86 7 10,000 580,000 1.0 580,000 5800 .0097 56 
21 Feb 86 8 19,300 20,000 1 .O 20,000 386 -0097 4 
24 Feb 86 10 4000 50,000 1 9 95,000 380 ,0097 4 
24 Feb 86 24 21,000 56,000 4.0 224,000 4704 .0097 4 6 
24 Feb 86 22 - 120 ,0&7 36,000 1.9 68,400 8208 --- ,0097 ----- 8 0 
TOTAL 287,, 100 44,953 435 
*See Figure 1. 
i i 
/ 
Table 3. Tomales Bay lierring Biomass Estimates 1973-74 through 
1985-86 Seasons. 
Spawn estimate Catch Spawning biomass 
Season (tons) ( tons ) (tons) 
*Biomass estimated by cohort analysis. For each of the other years 
biomass was estimated from spawning-ground surveys. 
9Ncd 
C O ~ m  000 
o q o  
. . 
0 0 00 
4t * .*  * O O *  * 00 
0 0 0 0 
TABLE 5. San Francisco Bay Herring Biomass Estimates 1973-74 
through 1985-86 Seasons. 
I 
Spawn estimate Catch Spawning biomass 
Season (tons) (tons) (tons) 
TABLE 6 .  Herring Spawning Escapement'by Area for  San Francisco Bay 
1973-74 t o  1985-86.. 
--- Total Average X Average 
Spawning no. of  of  annual escapement . 
area spawns biomass ( tons)  
Richardson- Bay 
San Francisco Area 
Tiburon-Belvedere 
Sausalito 
Richmond 
Angel Island 
Treasrire Island 
South Bay 
Berkeley 2 0.4 147 
Total 100.0 36,848 
a '  
'fable 7. Confidence Limits of. t h e  San Francisco Bay Herring Spawn 
Estimates During t h e  3985-86 Season. 
Spawn 
da te  
Standard e r r o r  D. F. Estimated 95% 
Location eggs per m N-1 tons Conf. i n t .  
Belvedere Cove 10,000 5 15 . - +24 
Kiel Cove 47,000 3 55 - +90 
Sausa l i  t o  
Sausa l i  t o  
San Francisco 
Coyote Pt.  
San Francisco 
South Bay 
Sausa l i  t o  
Sausa l i to  
Richmond 
Richmond 
Belv .-Ti buron 
Kiel Cove 
Belvedere Cove 
Richardson Bay 18,000 1 
Sausa l i  t o  425,000 2 
Sausa l i  t o  384,000 ' 20 
3/4-5 Angel I s l and  - - 440 * 
Total  41,770 
*Quanti tat ive samples were not  taken and confidence l i m i t s  could not  be 
calculated.  
, , -..m :1: :-.. . 
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TABLE 8. Estimat&d Number of Herring ~ ~ o u s a n d s  Caught by Year Class i n  the 
Tomales * ~ a y  G i l l  Net Fishery 1979-80 to- 1985-86' Season. 
-4 ' ri 
Season 
Year 
class 85-6 84-5 83-4 8 2-3 8 1-2 80-1 79-0 Total 
LOO . 0 0 ----- 
3 20 224 93 0 ---- 
3 15 1307 400 88 0 
99 . 1865 1403 323 ' 0 
2 1 1243 1418 1008 505 
27 574 1270 995 1.661 - 
TABLE 9. Average Weight (g) at Age of HerrLng Used i n  Cohort Analysis 
of Tomales Bay Bsrring. 
1985-86 Mean 
Age average length weight 
- 21 - 
TABLE 10. Biomass (Tons) Estimated by Cohort Analysis. 
Season 2 3 4 5 6 7 8 9 Total 
TABLE 11- Fishing Mortality Estimates Used i n  Cohort Analysis. 
Age 
A 
Season 2 3 4 5 6 7 8 9 Total 
-- 
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FIGURE 1. Tomales Bay v i t h  numbered eelgrass beds. 
FIGURE 2. San Francisco Bay herring survey area. 
2 Figure 3. Vegetation densities Kg/m Sn San Francisco Bay i n  the fa l l  o f  1985.- . 

.- --- - 
FIgure 5 intert idal  herring-spamings- and..dates=-of occurrence in. South San Franctsco 
Bay during the 1985-86 season. - 

